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ABSTRACT
Aims. The supernova remnant (SNR) G150.3+4.5 was recently discovered in the radio band; it exhibits a shell-like morphology
with an angular size of ∼ 3◦, suggesting either an old or a nearby SNR. Extended γ-ray emission spatially coincident with the SNR
was reported in the Fermi Galactic Extended Source Catalog, with a power-law spectral index of Γ = 1.91 ± 0.09. Studying particle
acceleration in SNRs through their γ-ray emission is of primary concern to assess the nature of accelerated particles and the maximum
energy they can reach.
Methods. Using more than ten years of Fermi-LAT data, we investigate the morphological and spectral properties of the SNR
G150.3+4.5 from 300 MeV to 3 TeV. We use the latest releases of the Fermi-LAT catalog, the instrument response functions and
the Galactic and isotropic diffuse emissions. We use ROSAT all-sky survey data to assess any thermal and nonthermal X-ray emis-
sion, and we derive minimum and maximum distance to G150.3+4.5.
Results. We describe the γ-ray emission of G150.3+4.5 by an extended component which is found to be spatially coincident with the
radio SNR. The spectrum is hard and the detection of photons up to hundreds of GeV points towards an emission from a dynamically
young SNR. The lack of X-ray emission gives a tight constraint on the ambient density n0 ≤ 3.6×10−3 cm−3. Since G150.3+4.5 is not
reported as a historical SNR, we impose a lower limit on its age of t = 1 kyr. We estimate its distance to be between 0.7 and 4.5 kpc.
We find that G150.3+4.5 is spectrally similar to other dynamically young and shell-type SNRs, such as RX J1713.7−3946 or Vela
Junior. The broadband nonthermal emission is explained with a leptonic scenario, implying a downstream magnetic field of B = 5 µG
and acceleration of particles up to few TeV energies.
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1. Introduction
Supernova remnants (SNRs) have long been thought to be the
most likely accelerators of cosmic rays (CRs) up to the knee (∼
3 × 1015 eV) of the CR spectrum, with diffusive shock acceler-
ation (DSA, Bell 1978) being the primary mechanism accelerat-
ing the charged particles to γ-ray emitting energies. The Large
Area Telescope (LAT) on board the Fermi satellite has already
demonstrated that CR protons can indeed be accelerated at SNR
shocks, through detection of the characteristic “pion bump” fea-
ture due to accelerated protons colliding with ambient matter.
However, evidence of CR protons is often found in some evolved
SNRs interacting with molecular clouds (MCs), like IC 443 or
W44 (Ackermann et al. 2013), and the maximum particle energy
only reaches hundreds of GeV. Cassiopeia A, one of the youngest
Galactic SNR (t ∼ 350 years) exhibits a γ-ray spectrum with a
low-energy break (Yuan et al. 2013), characteristic of emission
from CR protons, and a photon cutoff energy at a few TeV (Ah-
nen et al. 2017; Abeysekara et al. 2020). Thus, the question of
whether SNRs can accelerate particles up to PeV energies is still
open. Moreover, the spectrum of the TeV shell-like and young
SNRs can often be accurately described by a leptonic scenario
due to inverse Compton (IC) scattering of accelerated electrons
on ambient photon fields (Acero et al. 2015).
G150.3+4.5 was first considered an SNR candidate, due to
the radio detection of the brightest part of the shell, before
being firmly identified as a radio SNR. Faint radio emission
from the southeastern part of the shell of G150.3+4.5 (called
G150.8+3.8) was first reported in Gerbrandt et al. (2014) us-
ing the Canadian Galactic Plane Survey (CGPS) and considered
a strong SNR candidate due to its semi-circular shell-like ap-
pearance and its nonthermal spectrum (α = −0.62 ± 0.07 where
S ν ∝ να). Using a larger extraction region (128.2′ × 37.6′), they
derived a radio spectral index of α = −0.38 ± 0.10, centered on
l = 150.78◦ and b = 3.75◦. Gerbrandt et al. (2014) also detected
faint red optical filaments spatially coincident with the south-
eastern shell. Gao & Han (2014) performed follow-up observa-
tions of the region using Urumqi 6 cm survey data (as well as
Effelsberg 11 cm and 21 cm data and CGPS 1420 MHz and 408
MHz observations), taking advantage of the survey’s extended
Galactic latitude range, up to b = 20◦. They reported a clear
detection of a 2.5◦ wide by 3◦ high (l = 150.3◦, b = +4.5◦,
as illustrated in Figure 1), synchrotron emitting, shell-like ob-
ject (named G150.3+4.5), bolstering an SNR origin for the radio
emission. The radio spectral indices of the two brightest parts of
the shell (southeastern and western sides, red boxes in Figure 1)
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Fig. 1. Urumqi 6 cm observations of the SNR G150.3+4.5. The red
boxes correspond to the brightest parts of the shell, which is represented
by the red dashed circle. The figure is from Gao & Han (2014).
are α = −0.40 ± 0.17 and α = −0.69 ± 0.24 compatible with the
results obtained in Gerbrandt et al. (2014).
In the Second Catalog of Hard Fermi-LAT Sources (2FHL,
Ackermann et al. 2016), an extended source located near the
radio SNR was reported (2FHL J0431.2+5553e) and modeled
as a uniform disk with a radius r = 1.27◦ ± 0.04◦, exhibiting a
hard power-law spectral index (Γ = 1.7 ± 0.2) from 50 GeV to 2
TeV. The Fermi Galactic Extended Source catalog (FGES, Ack-
ermann et al. 2017) reported a uniform disk (r = 1.52◦ ± 0.03◦),
spatially coincident with the radio shape, but with a softer power-
law spectrum (Γ = 1.91 ± 0.09 from 10 GeV to 2 TeV) than
previously derived. This FGES source is contained in the latest
Fermi-LAT catalog (4FGL, The Fermi-LAT collaboration 2019),
called 4FGL J0427.2+5533e, and its emission is described by a
logarithmic parabola (LP) spectrum.
In this paper we present a detailed study of the γ-ray emis-
sion in the direction of G150.3+4.5 from 300 MeV to 3 TeV.
In Section 2 we investigate the morphology of the γ-ray emis-
sion towards G150.3+4.5 from 1 GeV to 3 TeV and we explore
its spectral properties from 300 MeV to 3 TeV. In Section 3 we
use ROSAT observations to assess any thermal and nonthermal
X-ray emission from the SNR, and we derive two bounding dis-
tance estimates for G150.3+4.5. Finally, in Section 4 we dis-
cuss potential γ-ray emission scenarios and model the broadband
nonthermal emission from G150.3+4.5 to understand the nature
of the accelerated particles.
2. Fermi-LAT analysis
2.1. Data reduction and preparation
The Fermi-LAT is a pair-conversion instrument that detects γ-
ray photons in an energy range from 20 MeV to higher than
hundreds of GeV (a detailed description of the instrument can
be found in Atwood et al. 2009). We used ∼ 10.5 years of Fermi-
LAT data (from August 4, 2008, to January 31, 2019) and we
performed a binned likelihood analysis within a region of in-
terest (ROI) of 23◦ × 23◦ centered on the SNR G150.3+4.5. A
maximum zenith angle of 100◦ was applied to reduce the con-
tamination of the Earth limb, and the time intervals during which
the satellite passed through the South Atlantic Anomaly were
excluded. Since the point spread function (PSF) of the Fermi-
LAT is energy dependent and broad at low energy, we started
the morphological analysis at 1 GeV while the spectral analysis
was made from 300 MeV to 3 TeV. The Summedlikelihood
method was used to simultaneously fit events with different an-
gular reconstruction quality (PSF event types). We used version
1.0.10 of the Fermitools and, from 1 GeV to 3 TeV, we used
the Fermipy package (version 0.17.4, Wood et al. 2017) that al-
lows for simultaneous morphological and spectral fits, setting a
pixel size to 0.1◦ and eight energy bins per decade. The spectral
analysis was made from 300 MeV to 3 TeV with ten energy bins
per decade and a pixel size of 0.1◦. For the entire analysis, we
used the SOURCE event class and a preliminary inflight corrected
version of the P8R3_V2 instrument response functions (IRFs)
that corrects for a ∼10% discrepancy of the PSF event type ef-
fective areas. For consistency with the 4FGL analysis, the energy
dispersion was taken into account except for the isotropic diffuse
emission.
To model the γ-ray data around G150.3+4.5, we started
with the 4FGL catalog keeping in the model the sources lo-
cated within a 20◦ radius from the ROI center. We used the
gll_iem_v07.fits model to describe the Galactic diffuse
emission and the isotropic templates derived using the prelim-
inary inflight corrected version of the P8R3_V2 IRFs and ex-
trapolated up to 3 TeV.1 The spectral parameters of the sources
in the model were first fit simultaneously with the Galactic and
isotropic diffuse emissions from 1 GeV to 3 TeV. To search for
additional sources in the ROI, we computed a residual test statis-
tic (TS) map that tests in each pixel the significance of a source
with a generic E−2 spectrum against the null hypothesis:
TS = 2 × (logL1 − logL0). (1)
Here L1 and L0 are the likelihood obtained with the model
including and excluding the source, respectively. The TS fol-
lows a χ2 distribution with n degrees of freedom correspond-
ing to the additional free parameters between the models 1 and
0. We iteratively added three point sources in the model where
the TS exceeded 25. We localized the position of these addi-
tional sources (RA−Dec = 52.08◦ − 53.51◦, 76.62◦ − 45.76◦ and
79.43◦ − 50.49◦) and we fit their spectral parameters simulta-
neously with the Galactic and isotropic diffuse emissions. The
residual TS map obtained with all the sources considered in the
model shows no significant residual emission, indicating that the
ROI is adequately modeled.
2.2. Morphological analysis
In the 4FGL catalog, a point source (4FGL J0426.5+5434) is lo-
cated in the southern part of the SNR with a significance of ∼
25σ between 100 MeV and 1 TeV and a LP spectrum. We per-
formed the morphological analysis from 1 GeV to 3 TeV, with
the free parameters in the model being the normalization of the
sources located closer than 5◦ from the ROI center, of the Galac-
tic and isotropic diffuse emissions and the spectral parameters of
G150.3+4.5 and 4FGL J0426.5+5434.
Using the morphological parameters of G150.3+4.5 reported
in the 4FGL catalog, we first localized the position of 4FGL
J0426.5+5434 and we obtained RAJ2000 = 66.61◦ ± 0.02◦ and
DecJ2000 = 54.58◦ ± 0.02◦ which is similar to the values re-
ported in the 4FGL catalog (RAJ2000 = 66.63◦ and DecJ2000 =
1 Fermi-LAT background models can be found at https://fermi.
gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.
html.
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RAJ2000 (◦) DecJ2000 (◦) σ or r (◦) r68 (◦) TS TSext Ndof
Gaussian 66.425 ± 0.060 55.371 ± 0.056 0.900+0.029−0.028 1.359+0.044−0.043 624.2 549.8 6
Disk 66.555 ± 0.172 55.314 ± 0.150 1.497+0.032−0.028 1.235+0.026−0.023 595.0 520.7 6
Urumqi 6 cm map – – – – 361.7 287.3 3
Table 1. Best-fit positions and extensions (1 GeV − 3 TeV) of G150.3+4.5 (r68 being the 68% containment radius) with the associated statistical
errors, using a 2D symmetric Gaussian and a uniform disk model. The TS values and the number of degrees of freedom (Ndof) are given with
respect to the null hypothesis (no emission from G150.3+4.5). The result using the Urumqi 6 cm map of the SNR, represented by the yellow
contours in Figure 2, is also given.
Fig. 2. Residual count map (left, smoothed with a Gaussian kernel of 0.2◦) and residual TS map (right) obtained from 1 GeV to 3 TeV without
G150.3+4.5 included in the model. The best-fit Gaussian and disk are represented in green and blue, respectively. The crosses are the centroid
uncertainties (1σ), while the solid and dashed circles correspond to the r68 with its associated statistical errors (1σ). The 4FGL sources are shown
in white and the Urumqi 6 cm radio contours (at 6, 11, and 16 mK TB) are overlaid in yellow.
54.57◦). We tested its extension by localizing a 2D symmetric
Gaussian. The significance of the extension is calculated through
TSext = 2 × (logLext − logLPS) where Lext and LPS are the like-
lihood obtained with the extended and point-source model, re-
spectively. Since the extended model adds only one parameter
to the point-source model (the sigma extent), the significance of
the extension is
√
TSext. A source is usually considered signifi-
cantly extended if TSext ≥ 16 (corresponding to 4σ). For 4FGL
J0426.5+5434, we found TSext = 7.7 indicating that the emis-
sion is not significantly extended.
We then tested two spatial models to describe the emission
of G150.3+4.5: a uniform disk and a 2D symmetric Gaussian.
The best-fit position of 4FGL J0426.5+5434 was initially de-
rived with a disk model for G150.3+4.5, following the procedure
in the 4FGL catalog. In order to account for possible spatial vari-
ations of this point source when using a different spatial model
for G150.3+4.5, we fit iteratively (two times) the morphological
parameters of G150.3+4.5 (using either the disk or the Gaussian
model) and those of 4FGL J0426.5+5434. The best-fit position
of 4FGL J0426.5+5434 using the Gaussian model was similar to
the one using the disk (with a likelihood variation of 0.2). So we
fixed the position of 4FGL J0426.5+5434 to RAJ2000 = 66.61◦
and DecJ2000 = 54.58◦ for both spatial models of G150.3+4.5.
Table 1 reports the best-fit positions and extensions obtained
for the 2D symmetric Gaussian and disk models, with the asso-
ciated TS and TSext values. The Akaike criterion (Akaike 1974)
indicates a preference for the 2D symmetric Gaussian model
compared to the uniform disk model (∆TSDisk→Gaussian = 29.2).
A possible source of systematic uncertainties is related to the
specific Galactic diffuse model used in the analysis. Thus, we
repeated the analysis using the former diffuse emission mod-
els (gll_iem_v06.fits and the associated isotropic compo-
nent file iso_P8R3_SOURCE_V2.txt). We refit all the sources in
the ROI to account for possible spectral differences induced by
the different background model before doing the morphological
analysis. We still found that the γ-ray emission is best described
by a 2D symmetric Gaussian.
We also replaced the extended component by the Urumqi
6 cm map of the SNR (Figure 1, Gao & Han 2014) and we
obtained ∆TSRadio→Gaussian = 262.5 (see Table 1). The resid-
ual TS map after fitting the radio template shows significant
emission in the inner part of the shell. We therefore tested a
two-component model, involving the radio map of the SNR
and a 2D symmetric Gaussian, whose best-fit spatial parame-
ters were found to be similar to those listed in Table 1. We found
∆TSGaussian→Gaussian+Radio = 1.4 for three additional parameters,
indicating that the radio template does not fit the gamma-ray
morphology.
Figure 2 depicts the residual count map and TS map without
G150.3+4.5 included in the model with the best-fit spatial mod-
els and the radio contours overlaid. The radio emission is spa-
tially coincident with the γ-ray emission, although the brightest
parts of the radio and γ-ray emission do not arise from the same
region. Residual count maps in different energy bands without
G150.3+4.5 and 4FGL J0426.5+5434 included in the model (not
shown here) indicate that 4FGL J0426.5+5434 is brighter than
G150.3+4.5 below 3 GeV, while the emission from the SNR is
dominant at higher energies (E > 3 GeV).
We also investigated a possible energy-dependent morphol-
ogy by fitting a Gaussian and a disk model between 1−10
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Fig. 3.Residual TS maps without G150.3+4.5 in the model from 1 to 10 GeV (left panel) and 10 to 100 GeV (right panel). The best-fit Gaussian and
disk are represented in green and blue, respectively, the crosses being the centroid uncertainties (1σ) and the solid and dashed circles corresponding
to the r68 with its associated statistical errors (1σ). The white symbols and yellow contours are the same as in Figure 2. The red circle and line
show the northeastern and southwestern hemispheres of the best-fit disk found between 1 GeV and 3 TeV (see Section 2.3).
GeV and 10−100 GeV. The comparison between the two spa-
tial models gives ∆TSDisk→Gaussian = −13.7 (1−10 GeV) and
∆TSDisk→Gaussian = 19.5 (10−100 GeV). Figure 3 shows the
residual TS maps without G150.3+4.5 in the model between
1−10 GeV and 10−100 GeV, with the best-fit spatial models
overlaid. The low-energy γ-ray emission (E < 10 GeV) is dom-
inated by the southwestern part of the SNR, while the centroid
of the best-fit spatial models displaces towards the center of the
SNR at higher energies (E > 10 GeV). We note that the best-
fit models from 10 GeV to 100 GeV are very similar to those
found between 1 GeV and 3 TeV (Figure 2). The displacement
of the centroid of the best-fit models at low energy may be due
to a possible contamination from 4FGL J0426.5+5434. Using
the Gaussian model, the centroid moves from RA = 65.98◦ ±
0.09◦ and Dec = 55.19◦ ± 0.08◦ (1−10 GeV) to RA = 66.59◦ ±
0.08◦ and Dec = 55.45◦ ± 0.08◦ (10−100 GeV). The γ-ray mor-
phology does not shrink at higher energies with the Gaussian
extents between 1−10 GeV (r68 = 1.26◦ +0.06◦−0.08◦ ) and 10−100 GeV
(r68 = 1.36◦ +0.09
◦
−0.06◦ ) being compatible within statistical errors.
2.3. Spectral analysis
Using the best-fit spatial model found in Section 2.2 (the Gaus-
sian shape for G150.3+4.5), we performed the spectral analysis
from 300 MeV to 3 TeV. For comparison, we also performed
the same analysis with the disk model. We first fit the spectral
parameters of the sources located up to 7◦ from the ROI cen-
ter and the normalization of all sources in the model, simulta-
neously with the Galactic and isotropic diffuse emissions. We
verified that no additional sources were needed in the model by
examining the residual count and TS maps. When testing dif-
ferent spectral shapes for G150.3+4.5 and 4FGL J0426.5+5434,
the spectral parameters of sources located up to 5◦ from the ROI
center were left free during the fit, like those of the Galactic and
isotropic diffuse emissions. In the 4FGL catalog, the emission
from G150.3+4.5 and 4FGL J0426.5+5434 is described by a LP
spectrum of the form
dN
dE
= N0 ×
( E
E0
)−(α+βlog(E/E0))
. (2)
Given our best-fit LP spectral parameters for 4FGL
J0426.5+5434, reminiscent of a pulsar, we first replaced its LP
spectrum by a power law with an exponential cutoff that did
not significantly improve the fit. Keeping the LP to describe
the emission of 4FGL J0426.5+5434, we then tried a power-law
spectrum for G150.3+4.5 compared to the LP spectrum. We ob-
tained a significant curvature of the spectrum with ∆TSPL→LP =
23.3 (∼ 4.8σ). We also tested a broken power-law spectrum that
did not significantly improve the fit compared to the LP spec-
trum. The spectra of G150.3+4.5 and 4FGL J0426.5+5434 are
thus best described with a LP. We repeated the procedure with
the model using the disk component and we obtained the same
results. The best-fit spectral parameters are listed in Table 2, with
the associated statistical and systematic errors. The systematic
errors on the spectral analysis depend on our uncertainties on
the Galactic diffuse emission model and on the effective area.
The former is calculated using eight alternative diffuse emission
models following the same procedure as in the first Fermi-LAT
supernova remnant catalog (Acero et al. 2016) and the latter
is obtained by applying two scaling functions on the effective
area1. We also considered the impact on the spectral parame-
ters when changing the spatial model from Gaussian to disk. All
these sources of systematic uncertainties (related to the Galactic
diffuse emission model, the effective area, and the spatial model)
were thus added in quadrature.
The spectrum of G150.3+4.5 is hard, with α = 1.62 ± 0.04stat
± 0.23syst at E0 = 9.0 GeV, similar to the value obtained for
young TeV shell-type SNRs such as RX J1713.7−3946 or RCW
86 (Acero et al. 2015). With a soft spectral index α = 2.48 ±
0.08stat ± 0.10syst at E0 = 651.2 MeV and a large curvature,
4FGL J0426.5+5434 has a spectrum reminiscent of a pulsar.
Barr et al. (2013) found no pulsations from this source with the
100-m Effelsberg radio telescope, making the nature of 4FGL
J0426.5+5434 unclear.
Since the centroid of the best-fit spatial models displaces
with energy (Section 2.2), we investigated possible spectral dif-
ferences between the southwestern (SW) and northeastern (NE)
parts of the emission, dividing the best-fit disk (found between
1 https://fermi.gsfc.nasa.gov/ssc/data/analysis/
scitools/Aeff_Systematics.html
Article number, page 4 of 10
J. Devin et al.: γ-ray emission from the SNR G150.3+4.5
N0 (ph cm−2 s−1 MeV−1) α β E0 (MeV) Φ F
G150.3+4.5- Gaussian (7.78 ± 0.46stat ± 1.61syst) × 10−14 1.62 ± 0.04stat ± 0.22syst 0.07 ± 0.02stat ± 0.02syst 8973.8 6.46+10.12−3.54 9.75+36.41−5.84
4FGL J0426.5+5434 (1.24 ± 0.06stat ± 0.07syst) × 10−11 2.48 ± 0.08stat ± 0.10syst 0.41 ± 0.08stat ± 0.11syst 651.2 14.92+3.14−2.62 1.52+0.52−0.28
G150.3+4.5- Disk (6.58 ± 0.40stat ± 1.20syst) × 10−14 1.68 ± 0.04stat ± 0.21syst 0.06 ± 0.02stat ± 0.03syst 8973.8 6.34+11.10−3.61 7.95+33.88−4.64
4FGL J0426.5+5434 (1.22 ± 0.06stat ± 0.06syst) × 10−11 2.47 ± 0.08stat ± 0.11syst 0.41 ± 0.08stat ± 0.12syst 651.2 14.70+3.06−2.53 1.50+0.54−0.28
Table 2. Best-fit spectral parameters (from 300 MeV to 3 TeV) with the associated errors obtained for G150.3+4.5 and 4FGL J0426.5+5434
using a logarithmic parabola spectrum, as defined in Equation 2. The first two and last two lines are the parameters obtained when describing the
emission from G150.3+4.5 with a Gaussian and a disk respectively. Φ and F are the integral flux and energy flux from 300 MeV to 3 TeV in units
of 10−9 cm−2 s−1 and 10−11 erg cm−2 s−1, respectively.
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Fig. 4. (Left) SEDs of G150.3+4.5 (blue circles) and 4FGL J0426.5+5434 (red diamonds) with the associated statistical errors (colored bars) and
the quadratic sum of the statistical and systematic errors (black bars). The shaded areas correspond to the TS value in each energy band, and the
upper limits are calculated at the 95% confidence level. (Right) Comparisons of the SEDs obtained using a Gaussian (blue circles) and a disk
(green diamonds) model for G150.3+4.5. For visibility purpose, the colored bars represent the quadratic sum of the statistical and systematic
errors.
1 GeV and 3 TeV) into two components (red circle and line in
Figure 3). We found a softer spectrum in the SW part than in
the NE part, with αNE = 1.57 ± 0.07 (βNE = 0.08 ± 0.03) and
αSW = 1.82± 0.06 (βSW = 0.04± 0.03), confirming the morpho-
logical analysis in the 1−10 GeV and 10−100 GeV bands. We
therefore obtained spectral differences between the NE and SW
parts, although both regions exhibit a hard spectrum.
We then computed the spectral energy distributions (SEDs)
of the Gaussian and the disk components dividing the whole en-
ergy range (300 MeV − 3 TeV) into eight bins. We described the
emission of G150.3+4.5 and 4FGL J0426.5+5434 by a power
law with fixed spectral index (Γ = 2) to avoid any dependence
on the spectral models. The normalizations of G150.3+4.5 and
4FGL J0426.5+5434 were fit simultaneously with the Galac-
tic and isotropic diffuse emissions (fixing the spectral index
of the Galactic component to 0). The normalization of 4FGL
J0414.6+5711, located in the northwest of G150.3+4.5 (at ∼
2.4◦ from the SNR center), was also left free during the fit, while
the spectral parameters of the other sources are fixed to their
best-fit values found between 300 MeV and 3 TeV since they
lie farther than 3.8◦ from the SNR center. We calculated a flux
upper limit in the energy bands where the TS of the source is
lower than 1. Figure 4 (left) shows the SEDs of G150.3+4.5 and
4FGL J0426.5+5434, with the statistical and systematic errors.
The emission at low energy is dominated by the contribution
from 4FGL J0426.5+5434, while the emission from the SNR
arises at higher energy. Figure 4 (right) compares the SEDs ob-
tained with the Gaussian and the disk model, showing that the
spatial model used for G150.3+4.5 has a negligible impact on
the spectral analysis. Since SNRs normally have a sharp edge
(and the disk model is found to be spatially coincident with the
radio morphology), we use the morphological and spectral prop-
erties of the disk throughout the paper to calculate the physical
parameters of the SNR and discuss the nature of the emission.
3. Multiwavelength observations
3.1. H i spectrum and CO data towards G150.3+4.5
Knowing the distance of G150.3+4.5 is crucial in determin-
ing the physical size of the SNR and in turn understanding
the origin of the γ-ray emission. Using data from the Lei-
den/Argentine/Bonn survey of Galactic H i (Kalberla et al.
2005), we obtained the H i spectrum in the direction of
G150.3+4.5 (shown in Figure 5) that displays clear velocity
peaks at −44.7, −35.9, −6.9, and +2.9 km s−1. The widths of
all peaks are 5 km s−1 or less, thus there is no evidence of shock-
broadening from the SNR shock, where broadening is an indica-
tor of the shock of an SNR overtaking nearby molecular clouds
(Wootten 1981). Assuming a flat Galactic rotation curve with
Galactocentric distance, R0 = 8.34 kpc, and circular rotation
speed at the sun Θ = 240 km s−1, the three negative velocities
noted above (a positive velocity is not permitted at this Galactic
longitude) translate into distances of 4.83, 3.45, and 0.31 kpc,
respectively. Since there is no hint of any interaction of the SNR
with interstellar material, Figure 5 is only indicative of the H i
emission towards G150.3+4.5 and could be used to derive col-
umn density values in future works.
Looking at CO data (Dame et al. 2001), we found molecular
contents spatially coincident with the SNR (or at least part of
it) with velocities between −9.8 km s−1 and −3.8 km s−1, which
translate into distances of d = 0.55+0.65−0.55 kpc and d = 0.01
+0.59
−0.01
kpc, respectively.
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Fig. 5. H i spectrum obtained from the Leiden/Argentine/Bonn survey
(Kalberla et al. 2005) in the direction of G150.3+4.5.
3.2. X-ray observations and distance estimate
We used archival observations from the ROSAT all-sky survey
(Voges et al. 1999) to determine whether there is significant
X-ray emission (0.1−2.4 keV) in the direction of G150.3+4.5.
The ROSAT data was extracted within a 1.3◦ circle centered on
RA=4:27:08.528, Dec=+55:27:29.53 with a total exposure of 19
ks (observation ID: WG930708P_N1_SI01.N1, ROSAT/PSPC
in survey mode). We used the tool xselect to extract the spec-
trum from the region of interest and the instrument response
function (ancillary response function, ARF) was obtained us-
ing “pcarf 2.1.3”, the latest version of the HEASOFT-FTOOL1
designed for ROSAT spectrum extraction. The background was
derived using an off-source region, excluding any regions that
seemed to contain point sources. No significant thermal or non-
thermal emission is detected from G150.3+4.5. We modeled the
emission using XSPEC2 (Arnaud 1996) as an absorbed thermal
non-equilibrium ionization (NEI) plasma (Wilms et al. 2000).
The Coulomb equilibration timescale is calculated following
Vink (2011) and the initial electron temperature is assumed
to be the higher of Tp × me/mp or 0.3 keV (Rakowski et al.
2008). We found a maximum absorbed photon flux of 0.0004 ph
cm−2 s−1 and a corresponding maximum absorbed energy flux of
4.2×10−13 erg cm−2 s−1 between 0.1 and 3.0 keV (with kTe = 0.2
keV and net = 1011 s cm−3). Using a power law with a spectral
index Γ = 2, the maximum absorbed photon and energy fluxes
are 0.0005 ph cm−2 s−1 and 1.1 × 10−12 erg cm−2 s−1 between
0.1 and 3.0 keV. In the direction of G150.3+4.5, the maximum
absorbing column density3 is NH = 3.97 × 1021 cm−2, giving
maximum unabsorbed thermal and nonthermal photons−energy
fluxes of 0.0171 ph cm−2 s−1−8.6×10−12 erg cm−2 s−1 (kTe = 0.2
keV, net = 1011 s cm−3) and 0.0063 ph cm−2 s−1 − 3.6 × 10−12
erg cm−2 s−1 (Γ = 2).
To estimate the minimum distance to G150.3+4.5, we used
the Sedov-Taylor self-similar solution
Rs = ζ ×
( E
ρ0
)1/5
t2/5 with ζ = 1.152, (3)
where Rs, E, ρ0, and t are the radius of the SNR, the kinetic
energy released by the supernova, the mass ambient density, and
1 http://heasarc.gsfc.nasa.gov/ftools
2 https://heasarc.gsfc.nasa.gov/xanadu/xspec/
3 Calculated with the Chandra Proposal Planning Toolkit https://
cxc.harvard.edu/toolkit/colden.jsp
the age of the SNR, respectively. Equation 3 can be written as
Rs ≈ 0.314 ×
(E51
n0
)1/5
t2/5yr pc, (4)
where E51 is the kinetic energy released by the supernova, n0 the
ambient density, and tyr the age of the SNR in units of 1051 erg,
cm−3, and years. Assuming E51 = 1 and knowing the angular
size of G150.3+4.5, we used different combinations of distance
and age to calculate the corresponding ambient density. We then
modeled the emission as an absorbed thermal NEI plasma for
each combination of age, ambient, and column densities, and
electron and proton temperature (Castro et al. 2011). For each
distance we thus calculated the corresponding column density,
and we obtained an upper limit on the ambient density. The max-
imum ambient density allowed by ROSAT data is n0 = 3.6×10−3
cm−3. We also considered that an SNR at a declination of ∼ 55◦
and younger than 1 kyr should have been reported in historical
records. Thus, we imposed a lower limit on the age of the SNR of
t = 1 kyr, giving a minimum distance of d = 0.7 kpc for an ambi-
ent density consistent with ROSAT data (n0 = 1.5×10−3 cm−3 at
that distance). We note that the upper limit on the ambient den-
sity is not formally correct since an SNR with E51 = 1, Mej ≥ 1.4
(the ejecta mass in units of solar mass) and n0 = 1.5×10−3 cm−3
has not yet entered the Sedov phase. This is, however, not critical
for deriving an approximate upper limit on the ambient density.
For a type Ia SNR, the Sedov phase is reached for d = 0.9−1 kpc
and t = 3 kyr (n0 ∼ 2.3 × 10−3 cm−3).
To constrain the maximum distance, we imposed a Mach
number M2 > 10 (equivalent to a particle spectral index p <
2.4). With the sound speed c2s =
γPISM
ρ0
(γ = 5/3 being the adia-
batic index and PISM the interstellar medium pressure), this con-
dition can be written as
ρ0v2s > 10ρ0c
2
s = 10γPISM. (5)
In the Sedov phase, the shock velocity vs is
vs =
2
5
× Rs
t
, (6)
with Rs and t the shock radius and the age of the SNR, respec-
tively. Using Equation 3, this gives
ρ0v2s =
(2
5
)2
ζ5 × E
R3s
. (7)
The condition ρ0v2s > 10γPISM translates into a relation among
the physical radius of the SNR, the interstellar medium pressure,
and the kinetic energy released by the supernova
Rs < 1.69 ×
(PISM
k
× 1
E
)−1/3
kpc. (8)
Assuming E51 = 1 and taking (PISM/k) = 2.3n0TISM = 3000
K cm−3, we found Rs < 117.2 pc, giving d < 4.5 kpc for r =
1.497◦. At this distance the age of the SNR is between t = 161.5
kyr (using the maximum ambient density n0 = 3.6 × 10−3 cm−3
allowed by ROSAT data) and t = 85.1 kyr (imposing a lower
limit on the ambient density of n0 = 1 × 10−3 cm−3).
We note that the assumption E51 = 1 does not significantly
impact the constraint on the ambient density since for E51 = 0.1
the maximum ambient density allowed by ROSAT data is n0 =
3.3 × 10−3 cm−3. The corresponding minimum and maximum
distance estimates would be d = 0.3 kpc and d = 2.1 kpc.
In the following sections we assume E51 = 1, and we use the
minimum and maximum distance estimate d = 0.7 kpc (t = 1
kyr, Rs = 18.3 pc, n0 = 1.5 × 10−3 cm−3) and d = 4.5 kpc (t =
85.1−161.5 kyr, Rs = 117.2 pc, n0 = (1.0−3.6) ×10−3 cm−3) to
discuss the origin of the emission.
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4. Discussion
4.1. Supernova remnant or pulsar wind nebula?
The γ-ray data analysis presented here has led to the characteri-
zation of an extended γ-ray source whose centroid and extent are
spatially coincident with the radio SNR. The broad size of the ex-
tended source and the correlation with the radio shell leaves few
plausible scenarios for the nature of the γ-ray emission. Namely,
the GeV emission can either arise from a pulsar wind nebula
(PWN) or from an SNR.
The Gaussian morphology of the γ-ray emission and the hard
γ-ray spectral index extending to hundreds of GeV make plau-
sible the PWN scenario. However, the γ-ray morphology does
not get smaller at higher energies (Figure 3) as expected from
electron cooling, and ROSAT X-ray observations detect no sig-
nificant nonthermal emission suggestive of a PWN in the direc-
tion of G150.3+4.5 (Section 3.2). We nevertheless note that if the
source is located at a large distance, the absorption of low-energy
X-ray photons can prevent such a detection. The radio spectral
index of the eastern shell (α = −0.62±0.07 and α = −0.40±0.17,
Gerbrandt et al. 2014; Gao & Han 2014) and of the western shell
(α = −0.69 ± 0.24, Gao & Han 2014), both spatially coincident
with the γ-ray extent, are more compatible with that obtained for
SNRs than for PWNe. Typical PWN radio spectral indices range
from about −0.3 . α . 0, while SNRs usually have a steeper
radio spectral index α . −0.4 (Green 2017). Thus, the mea-
sured radio spectral index disfavors a PWN scenario as the ori-
gin of the emission. Furthermore, there is no pulsar in the vicin-
ity of the γ-ray emission that could power a PWN. The source
4FGL J0426.5+5434, located in the southern part of the SNR,
has a pulsar-like spectrum and no pulsations were found with
the 100-m Effelsberg radio telescope (Barr et al. 2013). How-
ever, this potential pulsar could be radio quiet, or intensity vari-
ations from interstellar scintillation could have prevented detec-
tion at the epoch of observation. Therefore 4FGL J0426.5+5434
may be a pulsar or another background source. Assuming that
4FGL J0426.5+5434 was the compact remnant of the progeni-
tor star that birthed G150.3+4.5, with an angular distance from
the radio SNR center of 0.881◦, it would have to be traveling
with a velocity of vPSR ∼ 10533 km s−1 (taking d = 0.7 kpc and
t = 1 kyr) or vPSR ∼ 419−796 km s−1 (taking d = 4.5 kpc and
t = 161.5−85.1 kyr). Typical pulsar velocities range from vPSR
∼ 400−500 km s−1 (Lyne & Lorimer 1995), with extreme ve-
locities exceeding 1000 km s−1 (Chatterjee et al. 2005). Thus,
the association between G150.3+4.5 and 4FGL J0426.5+5434
would only be possible when considering relatively far distances,
such as d = 4.5 kpc. From the spectral properties of 4FGL
J0426.5+5434 reported in Table 2, we calculated an energy flux
of F0.1−100 GeV = 2.31 × 10−11 erg cm−2 s−1, giving a luminosity
L0.1−100 GeV = 5.60 × 1034(d/4.5 kpc)2 erg s−1. The empirical
relation between the luminosity and the spin-down power of the
pulsar L0.1−100 GeV =
√
1033E˙ erg s−1 (Abdo et al. 2013) gives E˙
= 3.14 × 1036 (d/4.5 kpc)4 erg s−1 (taking a beam correction fac-
tor of 1), indicating that 4FGL J0426.5+5434 could be an ener-
getic pulsar. However, if 4FGL J0426.5+5434 is associated with
the SNR and powers a PWN responsible for the observed GeV
emission, the PWN γ-ray extent would be as large as the radio
extent of its host SNR which never occurs in composite systems.
All these arguments disfavor a PWN scenario as the origin of
the main γ-ray emission, keeping in mind that a PWN located in
the line of sight and contributing to a part of the γ-ray emission
cannot be ruled out.
The spatial correlation between the radio and the γ-ray emis-
sions, together with the lack of a γ-ray morphology shrinking
at higher energies, points toward an SNR scenario. This is sup-
ported by the radio shell-like appearance, the nonthermal radio
spectrum similar to that obtained in SNRs, and the detection of
red optical filaments structures by Gerbrandt et al. (2014). Un-
less a pulsar is detected in the future that could power a PWN
contributing to the GeV emission, we argue that the γ-ray emis-
sion is likely produced by the SNR G150.3+4.5 and is the coun-
terpart of the radio emission detected by Gao & Han (2014).
4.2. Evolutionary stage of G150.3+4.5
In the following sections we assume that the entire γ-ray emis-
sion comes from the SNR G150.3+4.5. We place the SNR in
context within the current population of Fermi-LAT SNRs to as-
sess its evolutionary stage. Figure 6 shows the Fermi-LAT SED
of G150.3+4.5 (obtained in Section 2.3 using a uniform disk)
overlaid on the spectra of several Fermi-LAT observed SNRs
with ages ranging from ∼ 1 to 20 kyr. As shown in Figure 6, spec-
tral breaks are commonly observed below a few GeV in SNRs
interacting with nearby molecular material. G150.3+4.5 exhibits
a hard spectrum extending to hundreds of GeV with no spectral
break, and is thus spectrally similar to the dynamically young
and shell-type SNRs like RX J1713.7−3946 or Vela Junior.
Figure 7 depicts the luminosity of several Fermi-LAT SNRs
with respect to their diameter squared. Between 100 MeV to 100
GeV, G150.3+4.5 has a luminosity of 2.53×1033(d/0.7 kpc)2 erg
s−1. For the minimum distance, the luminosity of G150.3+4.5
is low and similar to that obtained for young SNRs, while for
the maximum distance the luminosity is closer to those of SNRs
interacting with molecular clouds (MCs). However, there is no
hint of an interaction between G150.3+4.5 and a MC in the ra-
dio data explored by Gerbrandt et al. (2014) and Gao & Han
(2014), as in the catalog of molecular clouds (Rice et al. 2016)
and of Galactic H ii regions (Anderson et al. 2014), which do not
report any object close to G150.3+4.5. The hard spectral shape
of G150.3+4.5 and its likely low luminosity from 100 MeV to
100 GeV supports the dynamically young and non-interacting
SNR scenario, and therefore a near distance.
4.3. Broadband nonthermal modeling
Particle acceleration arises at the shock front of the SNR
G150.3+4.5, producing γ rays up to hundreds of GeV. These
γ rays can either be produced by accelerated electrons through
IC scattering on photon fields and Bremsstrahlung, or by accel-
erated protons colliding with ambient matter and leading to the
decay of the neutral pion. To understand the origin of the emis-
sion, we performed multiwavelength modeling using the naima
package (Zabalza 2015) in a one-zone model assumption. As
shown in Figure 4 (right), the choice of the spatial model for
G150.3+4.5 has no impact on the spectral analysis. We used
the radio fluxes derived in Gerbrandt et al. (2014) and the γ-
ray spectrum obtained with the disk model (Section 2.2), and we
factored the X-ray absorption into the model, allowing the use of
the robust upper limit on the absorbed X-ray flux obtained with
ROSAT data (Section 3.2). Since the radio fluxes were derived
in a region of ∼ 2.14◦ × 0.63◦ (Gerbrandt et al. 2014) that does
not encompass the entire radio SNR (∼ 3◦ × 2◦, as reported in
Gao & Han 2014), we considered these data points as lower lim-
its. We modeled the broadband nonthermal emission of the SNR
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kpc, respectively. The figure is reproduced from Thompson et al. (2012)
with the addition of G150.3+4.5.
assuming E51 = 1 and for the two extreme distances d = 0.7 kpc
and d = 4.5 kpc.
We described the proton spectrum by a power law with an
exponential cutoff (defining the maximum energy reached by the
particles) and the electron spectrum by a broken power law with
an exponential cutoff. The break in the electron spectrum is due
to synchrotron cooling, and occurs at the energy Eb above which
the particle spectral index is se,2 = se,1 + 1, with se,1 being the
spectral index below the energy break. To be consistent with the
measured radio spectral index (α = −0.38 ± 0.10), we fixed the
electron spectral index to se,1 = 1.8, giving se,2 = 2.8, and we
used the same value for the proton spectral index sp = 1.8. To
constrain the energy break and the particle maximum energy, we
considered the synchrotron loss time
τsync = (1.25 × 103) × E−1TeVB−2100 yr (9)
and the acceleration timescale
tacc = 30.6 × 3r
2
16(r − 1) × k0(E) × ETeVB
−1
100v
−2
s,3 yr, (10)
where r is the shock compression ratio, k0 is the ratio between
the mean free path and the gyroradius (equivalent to B2tot/B
2
turb),
and B100 and vs,3 are the magnetic field and the shock veloc-
ity in units of 100 µG and 1000 km s−1, respectively (Pari-
zot et al. 2006). For young SNRs we expect k0 ∼ 1, while for
evolved systems we expect k0 > 1. The break and maximum
energy of the electrons are calculated equating τsync = tage and
tacc = min(tage, τsync), respectively, while the maximum energy
of the protons is found with tage = tacc. For the IC scattering on
photon fields, we considered the cosmic microwave background
(UCMB = 0.26 eV cm−3, TCMB = 2.7 K), the infrared and optical
emissions for which the temperature and energy density are es-
timated with the GALPROP code1 (Porter et al. 2008). The total
energy of accelerated particles is integrated above 1 GeV.
For a distance of d = 0.7 kpc, the temperature and energy
density of the infrared and optical emissions are TIR = 25.2 K,
UIR = 0.34 eV cm−3 and Topt = 2004.9 K, Uopt = 0.52 eV cm−3.
We used the ambient density of n0 = 1.5 × 10−3 cm−3 derived in
Section 3.2, and the column density of NH = 5.23 × 1020 cm−2
(corresponding to a distance of d = 0.7 kpc) to model the ab-
sorbed X-ray nonthermal emission. The radio fluxes constrain
the magnetic field to be relatively low. With Wp = 1050 erg (10%
of E51 going into CR protons), the data can be reproduced with
a downstream magnetic field of B = 5 µG and an electron-to-
proton ratio of Kep = 1× 10−3. We used the value of the velocity
in the Sedov phase vs = 7163 km s−1, which is consistent with
the data for Eb = Emax,e = Emax,p = 5.2 TeV implying k0 = 16
(using r = 4). Given the low magnetic field and age of the SNR,
electrons do not suffer significantly from synchrotron cooling so
there is no break in the electron spectrum. We note that if the
SNR is in the ejecta-dominated phase, the velocity should be
even higher than vs = 7163 km s−1. Although the value of k0
is unknown, k0 = 16 is higher than one would expect. Since we
have Emax ∝ v2s/k0, a lower value of k0 would imply a reduced
shock velocity to still fit the data. That could indicate that the
SNR is located at a larger distance than 0.7 kpc (since we have
vs ∝ R−3s ). Table 3 reports the physical parameters used for the
broadband modeling of the SNR spectrum, shown in Figure 8
(left).
For a distance of d = 4.5 kpc, the temperature and the en-
ergy density of the infrared and optical emissions are TIR = 25.2
K, UIR = 0.11 eV cm−3 and Topt = 2004.9 K, Uopt = 0.24 eV
cm−3. We first discuss the case of t = 85.1 kyr obtained with
n0 = 1.0×10−3 cm−3 and we used a column density of NH = 2.63
× 1021 cm−2 for the absorbed X-ray synchrotron model (corre-
sponding to d = 4.5 kpc). Setting Wp = 1050 erg and using a
shock velocity of vs = 539 km s−1 calculated in the Sedov model,
the data can be reproduced with B = 5 µG, Kep = 5 × 10−2, and
Eb = Emax,e = Emax,p = 5.8 TeV obtained using k0 = 7. The spec-
trum is shown in Figure 8 (right) with the corresponding values
reported in Table 3. For t = 161.5 kyr, the shock velocity in the
Sedov phase is vs = 284 km s−1 implying a lower value of k0 to
still fit the data. We also note that the value of Kep = 5 × 10−2 is
slightly higher than one would expect, strengthening the fact that
the distance of G150.3+4.5 is likely smaller than d = 4.5 kpc.
Using the two extreme distances of d = 0.7 kpc and d = 4.5
kpc, the broadband spectrum of the SNR is explained by a lep-
tonic scenario, with acceleration of particles up to ∼ 5 TeV and
1 https://galprop.stanford.edu
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d (kpc) / t (kyr) B (µG) Wp (erg) Kep se,1 = se,2 sp n0 (cm−3) Emax,e (TeV) Emax,p (TeV) k0 vs (km s−1)
0.7 / 1.0 5 1050 1 × 10−3 1.8* 1.8 1.5 × 10−3 5.2 5.2 16 7163
4.5 / 85.1 5 1050 5 × 10−2 1.8* 1.8 1.0 × 10−3 5.8 5.8 7 539
Table 3. Values used for the broadband nonthermal modeling shown in Figure 8. Asterisks denote the values constrained by radio data. The particle
maximum energy values (Emax,e and Emax,p) are calculated using the values of B, k0, and the shock velocity vs derived in the Sedov model.
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Fig. 8. Broadband nonthermal modeling of the SNR G150.3+4.5 in a leptonic scenario using a distance of d = 0.7 kpc (left) and d = 4.5 kpc (right).
The radio fluxes, which are near lower limits (see Section 4.3), come from Gerbrandt et al. (2014) and the best-fit spectrum and γ-ray fluxes are
those derived using the disk model. The ROSAT upper limit on the absorbed flux is derived in Section 3.2 and has to be compared to the absorbed
X-ray synchrotron model (dashed blue curve). The values used for the plots are reported in Table 3.
a downstream magnetic field of B = 5 µG. Under standard shock
conditions, this gives an interstellar magnetic field of BISM = 1.5
µG (taking the isotropic compression ratio with r = 4). Since the
radio fluxes derived in Gerbrandt et al. (2014) are likely underes-
timated, we used them as near lower limits. In each of our mod-
els, the synchrotron flux never exceeds ∼ 2−3 times the values of
the radio data, which is reasonable given the difference between
the extraction region size taken in Gerbrandt et al. (2014) and
the extent of the radio SNR (assuming a uniform emission). The
minimum and maximum distances respectively require a higher
value of k0 and Kep than one would expect, which indicate that
the SNR is indeed located between 0.7 kpc and 4.5 kpc. We did
not consider the hadron-dominated scenario due to the low max-
imum ambient density allowed by ROSAT data (Section 3.2),
which would lead to an unrealistic value of Wp, and due to the
lack of any hint of interaction of the SNR with interstellar ma-
terial (Section 3.1). For the same reason, we also note that the
SNR is likely not located at the same distance as those of the
enhanced H i and CO emissions (derived in Section 3.1).
Deeper multiwavelength observations are necessary to bet-
ter constrain the broadband emission from G150.3+4.5. That
concerns radio observations to derive the synchrotron spectrum
in a region encompassing the entire SNR, X-ray observations
to obtain stronger upper limits on the thermal emission and
very high-energy observations with Cherenkov telescopes to as-
sess the maximum energy reached by particles in this Galactic
cosmic-ray accelerator. Finally, a distance estimate would allow
us to more precisely determine the evolutionary stage of the SNR
G150.3+4.5.
5. Conclusions
We analyzed more than 10 years of Fermi-LAT data and we
investigated the morphological and the spectral properties of
the γ-ray emission towards the recently detected radio SNR
G150.3+4.5. From 1 GeV to 3 TeV the emission is adequately
described by a 2D symmetric Gaussian or a disk model, which is
spatially coincident with the radio emission. Going down to 300
MeV, the spectrum is best described by a logarithmic parabola
with a hard spectral index α = 1.62 ± 0.04stat ± 0.23syst at E0 =
9.0 GeV. The point source 4FGL J0426.5+5434, located in the
southern part of the SNR, has a pulsar-like spectrum and dom-
inates the low-energy part of the γ-ray emission (E < 3 GeV),
while the contribution from the SNR arises at higher energy.
We did not detect significant thermal and nonthermal X-
ray emission using ROSAT all-sky survey data, which implies
a maximum ambient density n0 = 3.6 × 10−3 cm−3. Setting a
lower limit on the age of the SNR t = 1 kyr, we estimated a
minimum distance of d = 0.7 kpc, which is consistent with the
ROSAT upper limit on the ambient density. Using physical con-
siderations, we estimated a maximum distance of d = 4.5 kpc.
Using the maximum ambient density allowed by ROSAT data
and a lower limit of n0 = 0.1 × 10−3, the age of the SNR is t =
85.1−161.5 kyr.
The association between G150.3+4.5 and the pulsar-like
4FGL J0426.5+5434 is unclear and would be possible only
if the SNR is located at relatively far distances, giving 4FGL
J0426.5+5434 a reasonable transverse velocity. Since there is no
hint for a PWN as the origin of the γ-ray emission, the latter
being spatially coincident with the radio SNR, we argued that
the GeV emission is likely produced by the SNR G150.3+4.5.
We compared the spectrum and luminosity of G150.3+4.5 with
those of other Fermi-LAT observed SNRs, including young sys-
tems and evolved SNRs interacting with molecular clouds. We
found that G150.3+4.5 is spectrally similar to the dynamically
young and shell-type Fermi-LAT SNRs. We modeled the broad-
band nonthermal emission of G150.3+4.5 with a leptonic sce-
nario that implies a downstream magnetic field of B = 5 µG and
an acceleration of particles up to few TeV energies.
Deeper multiwavelength observations are required to better
constrain the distance, the environment of G150.3+4.5 and its
synchrotron spectrum. Since the detection of X-ray emission
with Chandra or XMM-Newton can be challenging for sources
with an angular size of 3◦, large field-of-view X-ray instruments
like eROSITA would be helpful to assess any thermal and non-
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thermal emission towards G150.3+4.5. Very high-energy anal-
yses are promising in constraining the highest part of the γ-ray
spectrum. Although not detected with 507 days of observations
by HAWC (Abeysekara et al. 2017), G150.3+4.5 is a good can-
didate to be observed with the next generation of Cherenkov tele-
scopes CTA (Cherenkov Telescope Array) that will give clear
insights into the maximum energy reached by particles in this
dynamically young SNR. Finally, deeper pulsation searches on
4FGL J0426.5+5434 would help investigate its nature and its
possible association with G150.3+4.5.
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